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[57] ABSTRACT

The invention relates to the preparation of conductive
metal oxide powders.

The method according to the invention comprises the
following stages: a) a colloidal aqueous solution of crys-
talline particles of at least one metal oxide or a compos-
ite oxide of several metals i1s formed, by hydrolysing a
starting solution containing metal ions and an agent for
complexing the metals, (b) heat treatment is carried out.
Any residual salts and residual complexing agent are
eliminated before or during the heat treatment (b).

Application to the manufacture of antistatic coatings.

10 Claims, No Drawings
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PREPARATION OF METAL OXIDE CONDUCTIVE
POWDERS

The present invention relates to the preparation of 5

conductive powders in the form of metal oxide parti-
cles, and the transparent antistatic coatings formed from
these powders.

To obtain fine antistatic transparent coatings on sub-
strates such as glass or plastic materials, a conductive
coating composition can be applied to these substrates,
prepared by dispersing particles of a conductive sub-
stance in a binder in the presence of a solvent.

Conductive metal oxides make it possible to obtain

antistatic coatings transparent to actinic radiation and
insensitive to humidity. For example, substrating coat-
ings of SnO; doped with antimony are used for photo-
graphic applications. For these applications, the con-
ductive coatings, in addition to having low resistivity,
must be transparent to actinic radiation and have, in
respect of this radiation, a dispersive power which is as
low as possible.

In order to reduce to a minimum the variability in the
electrical and optical properties, it would be desirable
for the size of the particles to be small, for the size
distribution of the particles to be as narrow as possible
and for the particles to have uniform shape and degree
of crystallinity. Moreover, these particles should be able
to be dispersed in the normal binders, be chemically and
thermally stable and not react to light.

Many techniques for preparing conductive particles
enable transparent films to be formed.

U.S. Pat. No. 4,495,276 describes in its examples a
synthesis of tin oxide particles doped with antimony in
which tin and antimony chlorides are dissolved in an
alcohol solution. Hydrolysis is then carried out with
soda to a pH of 3. A coprecipitate of fine particles of
antimony tin oxide is obtained. After separation by
centrifuging and washing, in order to prevent these fine
particles conglomerating, they are mixed with barium
sulphate and then spray dried in a furnace at 600° to
900" C. A powder with a mean size of <0.5 um is ob-
tained comprising tin oxide and barium sulphate. The
bulk resistance of the powders is 8-25 Q.cm. Films
containing these particles in a proportion of 2 g/m?
have surface resistivities of 106 to 10° /L], have a light
scattering efficiency which varies between 50 and 15%
and which drops to 9% in the presence of a gelatin
overcoat.

One of the problems associated with this type of
preparation is that it is difficult to control the size, shape
and size distribution of the particles obtained by this
method. Thus, because of the variability of these param-
eters, the optical transmission remains low, except when
an overcoat is put on the antistatic coating, a preferred
embodiment of this reference. In addition, it is neces-
sary to limit the sintering and aggregation of the parti-
cles which occurs during the heat treatment of the raw
powder. This is why the process of spray drying is
associated with this method of preparation so as to
allow a better control of the grain size distribution.

It 1s also possible to prepare a solid crystalline solu-
tion of tin oxide containing antimony as in U.S. Pat. No.
4,775,412, m which ammonium or alkali metal bicarbon-
ate 1s introduced into an aqueous acid solution in which
a tin compound and an antimony compound are dis-
solved in an Sb/Sn molar ratio of 0.005 to 0.3 so as to
form a gel. The impurities are then eliminated from the
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gel and then ammonium hydroxide solution is added to
form a paste. This paste is heated under pressure, for
example for 6 hours at 200° in an autoclave. Crystalline
particles of tin oxide containing antimony are obtained.

U.S. Pat. No. 4,937,148 also proposes a method en-
abling fine conductive particles having a narrow parti-
cle distribution to be prepared, for forming transparent
conductive coatings of indium tin oxide (ITO). Accord-
ing to this method, an aqueous solution of an indium and
tin compound is progressively hydrolysed, controlling
the pH between 8 and 12, so as to form a colloidal solu-
tion of oxide or hydrated oxide particles. If the pH of
the reaction is less than 8, the particle size distribution is
very wide, and the more the pH decreases, the more the
metal oxides and hydroxides precipitate instead of re-
maining in colloidal solution. After this stage, the by-
products are eliminated by rinsing, and the colloidal
particles are dried and calcined for example at 350° C.
for 3 hours and then at 650° for 2 hours.

The Japanese patent application JPA 58036925 de-
scribes a preparation making it possible to prevent the
conglomeration of the particles, which consists of car-
rying out, in an acid medium, the hydrolysis of an aque-
ous solution of salts of tin and another substance chosen
from amongst Sb, In, Ga and Bi. An organic solvent is
then added to prevent the aggregation of the micropar-
ticles formed and then the latter are isolated by distilla-
tion. Then heat treatment 1s carried out at between 300°
C. and 1200° C. In the same patent application, the
hydrolysis can also be carried out in an alkaline me-
dium. This application does not contain any information
about the effect of the heat treatment on the particles
with regard to sintering, nor any results relating to
optical transmission or conductivity.

The Japanese patent application JPA 61122123 de-

scribes the hydrolysis of an antimony and tin chloride
solution dissolved in a carboxylic acid such as formic

acid or acetic acid. The hydrolysis takes place in an acid
medium. After heat treatment for 2 hours at 500° C.,
particles are obtained with a bulk resistivity of 0.8-1
{).cm. These particles improve the conductivity of sili-
cone-coated plastics or rubbers without impairing their
transparency.

U.S. Pat. No. 4,880,772 describes the preparation of
thin films by applying a precursor solution in film form
and then subjecting the film so obtained to pyrolysis.
This method consists of forming a gel obtained from a
solution of salts of Zr, Y, LLa and Sr in an amino acid so
as to prevent precipitation of the constituents. The com-
plexing and glass-forming properties of the amino acid
are used to form a viscous precursor solution. The py-
rolysis 1s complete at 700° C. In this way superconduc-
tive films are obtained.

It can be seen that one of the major problems in the
obtaining of conductive metal oxide powders is to find
a compromise between the need to obtain particles of
small s1ze having a narrow particle size distribution, and
the need for a high-temperature heat freatment, a treat-
ment which makes it possible to obtain crystalline oxide
particles having high conductivity and low sensitivity
to humidity but which has the result of producing sin-
tering, that is to say the conglomeration of the particles
and their poor light transparency.

Thus one of the objects of the present invention is a
method of preparing fine metal oxide particles having
high conductivity, for example conductive powders of
oxides of Sn, Ti, Al, Zr, In, Si, Sb, Bi, Mo, W, Zn, V and
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Ga, such as mixed particles of antimony tin oxide or
mixed particles of indium tin oxide. |

The method according to the invention for obtaining
fine conductive metal oxide powders comprises the
following stages:

d

() a colloidal agueous solution of crystalline particles

1s formed from at least one metal oxide or a com-
posite oxide of several metals, by hydrolysing a
starting solution containing metal ions;

(b) heat treatment is carried out.

‘The method is characterised in that:

1) the starting solution, in addition to the metal ions,
comprises a complexing agent for the metals which it
contains;

2) the residual salts and the residual complexing agent

are eliminated before or during the heat treatment
(b).

According to the present invention, conductive parti-
cles of metal oxides are prepared by carrying out a
controlled hydrolysis of a solution containing one or
more metal ions in the presence of a complexing agent
for these ions, at a pH enabling a colloidal solution of
fine crystalline particles of metal oxide(s) having a nar-
row grain size distribution to be obtained.

Heat treatment is then carried out at a temperature
enabling the crystallisation to be improved whilst pre-
venting sintering. The elimination of any residual salts
in general takes place before the heat treatment, for
example by washing/centrifugation or by dialysis, but
- can also take place during the heat treatment. Prefera-
bly, the elimination of any residual complexing agent
also takes place during the heat treatment.

The advantage of this invention lies especially in that
it 1s possible to obtain conductive particles at a lower
temperature than in the prior art and also in that parti-
cles of a mean size between 2 and 20 nm and powders
having a resistivity of less than and 109 Q.cm are ob-
tained. In prefered embodiments, powders of a mean
size comprised between 10 and 20 nm and having a
resistivity equal to or less than 100 Q.cm are obtained.

Another object of the invention is to obtain transpar-
ent antistatic films containing these particles having a
surface resistance of between 106 and 1011, preferably
between 107 and 10° Q/L], a total transmittance equal to
or less than 95%, and a direct transmittance/total trans-
- mittance ratio of more than 90% between 380 and 800
nm.
‘The metal ions contained in the starting solution are
chosen from amongst Zn2+, Ti4+, Al3+, Sn4+, Sn2+,
In3+, Bi3+, Si¢+, Sb3+, Sb5+, Mob+, Wb+, Zr4+ V5+
and Ga2+. The metal salts supplying these ions in the
starting solution must be hydrolysable at the pH at
which the formation of the colloidal solution takes
place. For example, a soluble tin salt hydrolysable at an
acid pH is used to obtain particles of tin oxide SnQO.

If 1t is desired to obtain a composite metal oxide, for
example a metal oxide doped with another metal, a
small quantity of this other metal is introduced in the
form of a soluble salt in the starting solution, or else it is

possible to dope the metal oxide obtained by impregna- 60

tion with aqueous solutions containing this other metal,
before the heat treatment. Thus, Sn particles doped
with Sb°+, Sb3+ with improved conductivity can be
obtained or in the same manner mixed particles of in-
dium tin oxide (ITO).

The antimony tin oxide powders typically comprise
antimony and tin in an Sn/Sb weight ratio of between
0.1 and 20%.
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The indium tin oxide powders typically comprise
indium and tin in an Sn/In weight ratio of between 0.1
and 20%. |

The metal compounds which can be used in the start-
ing solution are compounds which are soluble in water
and hydrolysable. For example sodium or potassium
stannates, tin chloride, indium chloride, indium nitrate,
indium sulphate, potassium antimonate, antimony tri-
chloride, can be used.

The concentration of the hydrolysable compound
containing the metal in the starting solution depends on
the hydrolysable compound, but it is generally between
0.05 and 1.5M/1.

The starting solution comprises in addition a com-
plexing agent for the metal ion or ions in solution. These
complexing agents have an essential role in the present
invention, since they enable the hydrolysis reaction to
be controlled.

As complexing agents any compound can be used
which is capable of complexing the metal ions before
the amorphous hydroxide precipitates and which is
capable of forming a stable complex which may then be
dissociated, for example by modifying the pH. During
the hydrolysis reaction, by varying the pH, a solution
will be obtained containing microcrystalline metal
oxide particles whilst preventing the formation of amor-
phous metal hydroxides.

Organic multifunctional compounds such as hydroxa-
cid, amino-acids, mercapto-acids, dithiols, polyols or
polyacides are preferred complexing agents. For exam-
ple, as acid alcohol, tartaric acid, glycolic acid, citric
acid or malic acid can be used; as aminoacids, glycine
and aniline can be used; as mercaptoacids thioglycolic
acid and thiomalic acid can be used.

In the case of solutions containing salts of tin and/or
antimony, preferably tartaric acid can be used as a com-
plexing agent.

It 1s in fact known that tin can form complexes with
tartaric acid in a neutral or slightly acid medium (J
Maziéres, M Béaoui, J Lemerle, J Lebebvre, Rev.
Chem. Miner (1987) 24, 641). Any modification, even
moderate, of the pH of the acid solution containing this
complex causes the dissociation of this complex and
then the growth of the colloidal tin oxide particles.

It 1s also known that tin can form complexes with
tartaric acid in a basic medium (J Maziéres, M Béaoui,
J Lemerle, J Lebebvre, Bull Soc Chim Fr 1991, 127.1-4).
Decreasing the pH of the basic solution containing this
complex causes the dissociation of this complex and
then the growth of the colloidal tin oxide particles.

Tartaric acid can also be used as a complexing agent
in solutions containing indium and tin.

The concentration of the complexing agent in the
starting solution depends on the metal ion to be com-
plexed and the pH of the starting solution. For example,
if tin chloride SnCl4,5H;0 is used as the tin-containing
compound, 0.5-1.2 moles of complexing agent will be
used per mole of tin. A stable solution will then be
obtained which will not hydrolyse at this pH. A slight
excess of complexing agent may be desirable since, if
the complexing agent is eliminated by heating at the
time of heat treatment, this allows aeration which pre-
vents sintering.

Hydrolysis is carried out by slowly introducing an
acid or base into the starting solution. The choice of an
acid or base depends on the pH of the starting solution
and the pH at which the formation of the colloidal
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solution containing metal oxides and/or hydroxides is
obtained.

Preferably, hydrolysis is carried out in strongly acidic
medium, the particles obtained in this case having lower
resistivities.

For example, if in the starting compound containing
tin chloride (SnCls,5H>0) and tartaric acid as complex-
ing agent in a tartaric acid/Sn molar ratio between 0.5
and 1.2, the pH of the solution is of the order of 3. By

introducing an acid, for example HCl, until a pH of 10

between 1 and 2 is obtained, or else a base, for example
soda, until a pH of between 5 and 7 is obtained, hydroly-
sis will take place progressively with the formation of a
colloidal solution.

In the case of a starting solution containing indium
chloride InCl3 and tin chloride SnCly,5H50, in the pres-
ence of tartaric acid as complexing agent in a tartaric
acid/In molar ratio of between 0.5 and 1.2, the pH of
the starting solution is of the order of 1. Hydrolysis is
carried out by slowly introducing a base into the acid
starting solution, for example NH4OH, until a pH of
between 2 and 4 is obtained.

Preferably hydrolysis is carried out at a temperature
of 20° to 60° C.

Electron diffraction measurements showed that the
colloidal solution contained crystalline particles of
metal oxide, hydrated to a greater or lesser extent. This
1s particularly advantageous when it is desired to obtain
conductive particles, since it is well known that conduc-
tivity increases with the crystalline nature.

Once the colloidal solution has been obtained, it can
be purified by eliminating certain residual ions, for ex-
ample chloride ions, by dialysis. However, this is not
necessary in every case and simple washing/centrifuga-
tion cycles suffice in general.

The precipitate from the colloidal solution is then
recovered in a conventional manner, for example by
filtering. It is then dried in an oven, for example at 100°
C., for one night in order to eliminate the water.

Heat treatment is then carried out at a temperature
which must be sufficient to eliminate any residual com-
plexing agent, if it has not already been eliminated be-
fore the heat treatment. The advantage of the present
invention is that relatively low heat treatment tempera-
tures can be used, for example of the order of 500° C.,
preferably between 250° and 400° C., which reduces the
phenomenon of sintering. The conductivity of the pow-
der obtained after the treatment is the same as if much
higher temperatures had been used, for example con-
ventionally of the order of 700°-900° C., as in the meth-
ods of the prior art. This seems to be due to the fact that
the oxide before treatment is already crystalline.

The particles obtained by the process of the inven-
tion, even if conglomerated, are not sintered and can
easily be dispersed again without its being necessary to
subject them to prolonged pulverising before dispersing
them in a

binder, as in the prior art. The size of the particles is
measured by transmission electron microscopy or by
quasi-elastic light scattering.

The resistivity of the powders is measured by produc-
ing a pellet by means of a press (5 tonnes pressure),
placing this pellet between two electrodes and measur-
ing the resistance at a pressure of 0.5 tonnes.

To test the metal oxide powders according to the
invention, a certain quantity is taken from them which is
dispersed in a water-soluble binder. The aqueous disper-
sion is applied with a scraper blade to a polymer base.
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The resistance of the coatings obtained from these
powders is measured by means of a discharge kinetics
method. A measuring test piece is cut from the coating
and one of its ends is electrically charged by induction.
The time taken for the charges to migrate to the other
end of the test piece is then measured, and this can then
be related to the conductivity of the film. The measure-
ments are made at a relative humidity of 50%.

‘Transmittance of the layers is measured with a spec-
trophotometer between 380 and 800 nm. Total transmit-
tance 1s obtained with an integrating sphere.

The following examples illustrate the invention.

EXAMPLE 1

7.56 g (0.03 moles) of potassium antimonate
KSb(OH)¢ 1s dissolved in 400 mi of water at 60° C. After
cooling, 120 g (0.8 moles) of tartaric acid is introduced.
After a transparent solution is obtained, 280.5 g (0.8
moles) of tin chloride (SnCls, SH>0O) is introduced and
a colourless solution is recovered. The chloride ions are
eliminated by dialysis and HCI 1IN is added slowly by
means of a dropping funnel until a pH of 1 is obtained.
After 24 hours at a pH of 1, a colloidal precipitate is
seen to appear, which thickens as time goes by. A white
solution 1s recovered and dried at 70° C. Heat treatment
1s carried out at 300° C. under a flow of oxygen to
ehminate the organic compounds. An SnO; powder
containing antimony is recovered. The resistivity of the
powder is less than 5 Q.cm.

EXAMPLE 2

Following the procedure in the previous example, tin
1s introduced in the form of potassium stannate (59.8 ¢
of K>Sn03,3H,0) (0.2 moles) and 15 g (0.1 moles) of
tartaric acid. A transparent solution is obtained in a few
days. The potassium ions are eliminated by means of an
ton exchange resin (Dowex R) 50X 2, 200). The chloride
ions are eliminated by dialysis and HCl 1IN is slowly
added by means of a dropping funnel so as to obtain a
pH of 1.1. After 24 hours at a pH of 1.1, a colloidal
precipitate is seen to appear which thickens over a per-
10d of hours. A white solution is recovered and dried at
70° C. Heat treatment is carried out at 400° C. The
resistivity of the powder is 10 .cm.

EXAMPLE 3

0.2 moles of SnCl4,5H;0 is dissolved in an aqueous
solution with 0.2M of tartaric acid. Under strong agita-
tion 0.02 moles of solid SbCl; is added, and then even
agitation is maintained. The pH of the solution is ad-

Justed to 1.2 by adding 0.75 moles of soda. A precipitate

forms slowly whilst the solution turns yellow.

The precipitate is recovered either by centrifugation,
washing with distilled water, then recentrifugation and
drying with air, or filtration over fritted material, wash-
ing with distilled water, rinsing with alcohol and dry-
Ing.

‘The precipitate is heat treated for 2 hours at a temper-

ature equal to 300° C. The resistivity of the powder is 20
{).cm.

EXAMPLE 4

1.5 g of oxide powder is dispersed in 10 g of water
with 3 g of gelatin in a proportion of 10% in water using
a ball mill. After 35 h of milling, water is added to dilute
the dispersion (2.3 g dispersion + 1.5 g of water), which
1S then left for 15 minutes in an ultrasonic bath. The
dispersion 1s applied in a coating using a scraper device
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with a 0.2 mm blade, and after drying an overcoat is
applied containing 10% of gelatin using a 0.5 mm blade.

The results of these coatings containing the oxides of
Examples 1 and 2 are given in Table 1, where Tt is the
total transmission, Td the direct transmission measured

at 380 nm and 800 nm, respectively, and R is the resis-
tivity.

TABLE 1
—

Oxide Tf Td/r t Yo Tf Td/T 1 Yo R
example (800 nm) (800nm) (380 nm) (380nm) (G )

1 99 97 95 95 0,2
2 99 99 96 92 0,1

EXAMPLE 5 (Comparative)

Following the procedure of example 3, the pH of the
solution is adjusted to 5 by adding 1 mole of soda.

The powder thus obtained is heated to 300° or 800° C.
The resistivities of the Sb-doped SnO; powder are
18,000 and 18 .cm respectively.

EXAMPLES 6 TO 8

Following the procedure of Example 3, citric acid,
glycolic acid and malic acid are used instead of tartaric
acid, in the same amount (0.2 mole). After heat treat-
ment at 300" C,, the resistivities of Sb-doped SnQ; pow-
ders are 25, 35 and 105 Q.cm, respectively.

EXAMPLE 9

Following the procedure of Example 3, 0.12 mole of
thiomalic acid are used instead of tartaric acid. The pH
1s adjusted to 0.6. Heat treatment is carried out at 300°
C. over a period of 2 hours. The resistivity of the Sb-
doped SnO; powder is 80 Q).cm.

EXAMPLE 10
90 g (0.53 mole) of glycine are dissolved in 200 ml of
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water, then 140.24 g (0.18 mole) of SnCls, SH>0 and 40

3,28 g (0.006 mole) of SbCI3 are added. After dissolu-
tion, a clear orange solution is obtained. After dialysis,
a yellow gel is recovered, which is dryed and heat
treated at 400° and 500° C. The resistivities of the Sb-
doped SnO; powders are 30 and 5 Q.cm, respectively.

EXAMPLE 11

In a 250 cc round-bottomed flask, 7.5 g of tartaric
acid 1s mixed in 50 ml of water under agitation until a
clear solution is obtained. Then 11 g of InClz in powder
form 1s introduced and agitation is carried out until a
clear solution is obtained, and then 1.3 g of SnCla,
SH>0O, previously milled, until complete dissolving
takes place.

When the mixture is homogeneous, it is heated over
an o1l bath at 50° C. for 2 hours. It is left to cool and then
20 cc of commercial NH4OH is added slowly by means
of a dropping funnel. The reaction is highly exothermic
and, after 2 hours, at a pH of 4, a colloidal precipitate is
seen to appear, which thickens as time goes by. The
mean size of the particles is comprised between 10 and
20 nm. This precipitate is recovered, washed with water
and centrifuged at 2500 rpm for 30 min. The washing
and centrifugation is repeated 4 times. The precipitate is
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8
recovered and is dried in an oven for an entire night at
100° C.

It 1s ground in a mortar and then heat treatment is
carried out for 3 hours at 350° C. under oxygen. The
resistivity of the black powder obtained is less than 5
{).cm.

EXAMPLE 12 (COMPARATIVE)

3.67 g of KSb(OH)¢ (0.02 moles) is dissolved in 300 mli
of deionised water at 60° C. When totally dissolved,
210.3 g of SnCl4,5H;0 (0.6 moles) is added. The solu-
tion 1s agitated for 2 hours at 50° C. The residual salts
are then eliminated by dialysis. The product obtained is
dried and then heat treatments are carried out at 300°
C., 400° C. and 500° C. under oxygen. The resistivities
obtained are respectively 120,000, 420 and 5 Q.cm.

It can be seen that in the absence of a complexing
agent 1t 1S necessary to treat the powder at a higher
temperature in order to obtain low resistivities.

We claim:

1. A method for obtaining conductive metal oxide
powders comprising tin oxide or mixed tin and anti-
mony oxide or mixed tin and indium oxide, comprising
the following steps: (a) obtaining a colloidal aqueous
solution of crystalline particles formed by hydrolysing
at a pH lower than 5 a starting solution containing aque-
ous soluble metal salts of one or more metal ions chosen
amongst Sn*+ or Sn2+ and optionally, In3+, Sb3+ or
Sb>+ ions and a complexing agent for such metals ions;

(b) converting the crystalline particles formed under

(2) 1nto metal oxide by heat treatment at a tempera-
ture from 250° to 400° C.

2. A method according to claim 1, wherein the com-
plexing agent is a hydroxyacid, an amino alcohol, a
mercapto-acid, a dithiol, a polyol or a polyacid.

3. A method according to claim 2, wherein the com-
plexing agent is a hydroxyacid chosen from amongst
tartaric acid, glycolic acid, citric acid or malic acid.

4. A method according to claim 2, wherein the com-
plexing agent is an amino acid chosen from amongst
glycine or alanine.

3. A method according to claim 2, wherein the com-
plexing agent is a mercapto-acid chosen from amongst
thioglycolic acid or thiomalic acid.

6. A method according to claim 1, wherein the start-
ing solution contains Sn*+ and Sb3+ or Sb3+ ions, the
complexing agent is tartaric acid, the tartaric acid/Sn
molar ratio is between 0.5 and 1.2 and the pH of the
hydrolysis is between 1 and 2.

7. A method according to claim 1, wherein the start-
ing solution contains Sn*+ and In3+ ions, the complex-
Ing agent is tartaric acid, the tartaric acid/In molar ratio
1s between 0.5 and 1.2 and the pH of the hydrolysis is
between 2 and 4.

8. A method according to claim 1 for obtaining SnO>
conductive particles wherein the metal ions contained
1n the starting solution are Sn4+.

9. A method according to claim 1 for obtaining Sb-
doped SnO; conductive particles wherein the metal ions
contained in the starting solutions are Sn4+ and Sb3+.

10. A method according to claim 1 for obtaining
In-doped SnO; conductive particles wherein the metal

ions contained in the starting solution are Sn%+ and

In3+.
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